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A. Status of Conference Series: 

1) Information and Control Processes in.Living Systems -- 
I *  

The Fifth and closing Conference was held on February 23 to 2 6 ,  
1969 a t  the Santa Ynez Inn, Pacific Pal isades,  California, under 
chairrn*i*.lship of Dr. Otto Schmitt. List of participants and agenda, 
and copy of summary, are attached (Appendix A-1).  

2 )  Biology of Hard Tissue -- 
The Fifth and closing Conference was held on March 9 to  1 2 ,  1969 
a t  the Santa Ynez Inn, Pacific Palisades,  California, under chair- 
manship of Dr. Marshall R. Urist. L i s t  of participants and agenda 
are attached (Appendix A-2) . 

3 )  Origins of Li fe  -- 

The Third Conference, originally scheduled for May of 1969 and sub- 
sequently postponed, is now to be held on February 27  to March 2 ,  
1970 a t  the Santa Ynez Inn, Pacific Palisades,  California. Dr. N .  
Horowitz will be chairman. Particular attention will be focussed on 
information obtained from the Mars and Venus probes. 

4) Population -- 
The Second Conference will take place on October 26 to 2 9 ,  1969, a t  
Belmont , Elkridge , Maryland, under co-chairmanship of Sir Solly 
Zuckerman FRS and Dr. Hudson Hoagland. Population regulation will 
be emphasized I in particular fertility control by other than conventional 
family planning techniques. A summary of proceedings of the First 
Conference, held in September, 1968 is attached (Appendix A-3). 
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B. Status of Conference Planning: 

1) The First 'Conference on Biosciences Applications of Space Science 
and Technology is being planned for November 2 3  to 2 6 ,  1969 a t  
Belmont , Elkridge, Maryland, 
Professor Joshua Lederberg will be chairman. The objective is to 
create a better appreciation and realization of the capabilities of 
the Space Program among: 

($1 biologists and ecologists,  particularly, concerned 'with 
pollution and the quality of the environment generally, 

(b) biomedical and health service personnel, concerned with 
medical research, health services ,  hospital operation and 
patient care ,  

(c) various professionals concerned with development and 
utilization of technological augmentation of instruction: 
education and training. 

2 )  The Third Conference on Population is expected to take place in 
late 1970. 

3 )  Tentative planning has  been done for two further conference ser ies .  
One is on Solid State Dynamics and Biological Systems, and will 
derive from the earlier ser ies  on Biology of Hard Tissue,  The other 
is on Models for a Biological Mathematics, and will be responsive 
to a need revealed in  the series on Information and Control Processes 
in  Living Systems. I t  now appears that,due to limited funding avail- 
abil i t ies,  initiation of these two ser ies  may be held over until a 
subsequent f iscal  period; 

In addition to the above formal conferences, a number of smaller, 
-- ad hoc meetings are contemplated in order to make preliminary 
investigation of additional subject matter and participants for pos- 
s ible  future missions. One such meeting was held in May of 1969,  
directed toward the conference ser ies  on Space Biology. 

C .  Status of Publication of Conference Proceedings: 

(For continuity, the information relevant to the preparation of manuscripts 
and to publication is cumulative, and includes the s ta tus  changes during 
the contract period.) 

Arrangements have been made with Gordon & Breach, Science Publishers, 
New York, to publish the proceedings of ICP conferences financed by the 
National Aeronautics and Space Administration. Promotion, s a l e s  and 
distribution responsibilities with regard to these volumes, a s  well a s  
for previously published proceedings , have been assumed by the same 
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firm. It  is anticipated that Interdisciplinary Communications Associates,  
Inc. may eventually take over publication responsibilities now being car- 
ried by ICP. 

1) Information and Control Processes i n  Living Systems -- 

Scientific Editor: Dr . Diane M. Ramsey-Klee 

(a) First Conference. Published under the title "Molecular 
Coding Problems " in 1967.  

(b) Second Conference. A l l  material has  gone forward to the compositor. 
N o  date has  yet been se t  for final re lease.  

(c) Third Conference. Scientific editing is being completed by 
Dr. Ramsey-Klee. 

(d) Fourth Conference. Master copy has  been assembled, and is 
complete except for .two revisions being awaited. 

(e) Fifth Conference. Master copy is being assembled. Three 
revisions have not yet been received from participants. 

I t  is planned that a l l  conference proceedings will be published by the 
end of 1970. 

2) Biology of Hard Tissue  -- 

Scientific Editor: Dr. Ann M. Budy 

(a) First Conference. Published in  1967.  

(b) Second Conference. Edited by NASA; published by the G.P.O. in  
1968. 

(c) Third Conference. Last indices have been mailed to  Gordon & 
Breach. 
N o  date set for final publication. 

Corrections are being completed for camera-ready copy. 

(d) Fourth Conference. Letter has  been mailed to Dr. Budy requesting 
information on manuscript. N o  answer received a s  yet. 

(e) Fifth Conference. Master copy is nearing completion. Bernard and 
Glimcher revisions are s t i l l  out: Glimcher's secretary called to say  
h is  would arrive soon. 

I t  is planned that a l l  conference proceedings will be published before 
the end of 1970. 
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3) Origins of Li fe  -- 

Scientific Editor: Dr. Lynn Margulis 

(a) First Conference. Has been withdrawn from Balaban in Israel ,  
and from Gordon & Breach. Will a l l  be taken care of f rox ICP end. 

(b) Second Conference. Dr. Margulis is doing the scientific editing. 

4) Population -- 

(a) First Conference. Books are scheduled from binders 8 October 1969. 

D. Contract Administration 

Continuation and renewal of the prime contract, to cover the period 
from October 1, 1968 to September 30, 1969 was finalized in  February 
of 1969.  Negotiations for continuation and renewal for the next fiscal 
period are now in process. 
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FIFTH COW-ERENCE ON TNFORMAT~ON AND CONTROL PROCESSES 
I N  LIVING SYSTEMS 

Santa Ynez Inn, Pacific Palisades , California 
23-26 February 1969 

Chairman - Doctor Otto H. Schmitt 

LTST OF ' PARTICIPANTS 

ATTINGER, Ernst O . ,  M.D. Ph. D. 
Professor & Chairman, Division of 

School of Engineering & Applied Science 

University of Virginia 
Charlottesville I Virginia 22902 

Biomedical Engineering 

and  School of Medicine 

(mailing: Box 224, Medical Center) 

BIGELOW, Julian H . ,  Mr. 
School of Ma thematics 
Insti tute for Advanced Study 
Princeton, New Jersey 08540 . .  
BRUSS, Robert, Mr. 
Graduate Student, Medical School 
University of Mi nne sota 
P. 0. Box5646 
Minneapolis I Minnesota 55417 

CARROLL I William R.  , Ph. D . 
Laboratory of Biophysical Chemistry 
N. I. of Arthritis and Metabol ic .Disease 
National Insti tute of Health 
Bethesda, Maryland 20014 

EL-SUM, Hussein M.A., Ph.D. 
Consulting Physicis t  
El-Sum Consultants 
74 Middlefield Road 
Atherton, California 94025 

HALBERG, Franz 
Profe s sop of Pa thology 
Department of Cancer Biology 
3 8 0 Lyon Laboratory 
University of Minnesota 
Minneapolis Minnesota 55455 

KLEIN, Melvin 
Department of Chemistry 

. Lawrence Radiation Laboratory 
University of California 
Berkeley, California 9472 0 

LEIBOVIC , K. Nicholas, Professor 
Department of Biophysical Sciences 
State University of New York 
4234 Ridge Lea Road 
Buffalo, New York 14226 

LIBBY,' Willard F . ,  Ph.D. 
Professor of Chemistry 
Director, Institute of Geophysics and 

University of California 
405 Hilgard 
Los Angeles, California 90024 

- .  

Planetary Physics 

-MACY, Josiah,  Jr.,  Ph.D. 
-Professor Biomathematics 
Director, Division Biophysical Sciences 
University of Alabama i n  Birmingham 
1919 Seventh Avenue South 
Birmingham, Alabama 35233 
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LIST OF PARTICIPANTS - Continued 

MARTIN, Albert R . ,  Mr. 
Space Biology Laboratory 
Brain Research Insti tute 
University of California 
L o s  Anyeles, CaliEornia 90024 

MILSUM, John H.  , Professor 
Director, Biomedical Engineering Unit 
McGill University 
Montreal I Quebec 
CANADA 

RAMSEY-KLEE, Diane M. , Ph. D. 
Consulting Psychologist i n  

Reiss-Davis Child Study Center 
9760 West  Pic0 Boulevard 
Los Angeles, California 90035 

Stat is  t ical  De s ign 

SCHMITT , Francis 0 .xI P h  . D. 
Chairman, Neurosciences Research 

Massachuset ts  Insti tute of Technology 
280 Newton Street  .I 

Brookline, Massachuset ts  02 146 

Program 

J 

SCHMITT, Otto H . ,  Ph.D. 
Professor of Biophysics 
University of Minnesota 
Minneapolis,  Minnesota 55455 

SHELESNYAK, M. C . ,  Ph. D . ,  Director- 
Interdisciplinary Communications Program 
1025 r i f teenth Street N.W. 
Washington, D. C.  20005 

TRONCALE , Lenard R.  , Mr. 
Department of Biology 
Catholic University 
Washington, D.C. 20017 
(mailing: 2400 Queens Chapel RoadJipt. 408 

Hyattsvil le,  Maryland 20782 

WILSON, Albert G.  Ph.D. , Director- 
Environmental Sciences Laboratories 
Douglas Advanced Research Laboratories 
5251 Bolsa Avenue 
Huntington Beach, California 92646 

WILSON, Donna, Ph. D. 
Research Associate 
Douglas Advanced Research Laboratories 
5-251 Bolsa Avenue 
Huntington Beach, California 92646 

STAFF 

Carroll, Miss .  Cathy 
-ShelesnYak, Mrs. M.C. 

S ten0 typis t s: 
Steinko, Mr. Franklin A.  ,Sr. 
Swanson, Mrs.  Floy 
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FIFTH CONFERENCE O N  INFORMATION AND CONTROL PROCESSES IN LIVING SYSTEMS 

Santa Ynez Inn 
Pacific Pal isades,  California 

23-26 February 1969 

Theme : Distributive Models 

AGENDA 

Conference wi 
at 6:30 pm. 

1 cpen o n  Sunday evening, 23 February, w,th inner 

Welcome and Introduction - M. C. Shelesnyak 

Introduction of Theme - 0. H. Schmitt 
Must Experiment Precede Theory ? Our experiment i n  deliberate 
cooperative synthesis  of a meaningfully quantitative framework 
of theory in  which insight and experiment can  grow. 

,- 

Introduction of , ,  Participants 

.Y / 

Morning Sessions 9:OD a m  - 12:30 pm 
Afternoon Sess ions  2:OO pm - 5:30 pm 

Topics For Discussion : 
Monday Morning, 24 February 

. Discussion Initiators 

Interpenetrating Domain. Models of Distributive 
Information and Control Proce s se s i n  Living 
Systems 0. H. Schmitt 

Present Emphasis i n  Research o n  Information 
Processing i n  the Nervous System 3 K. N.  Leibovic 

Hierarchical Organization and  Distributive 
Models A. G. Wilson, 

E. 0. Attinger 



AGENDA (co nt i nu e d ) 'f 

Monday Afternoon , 24 February 
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Holographic Concepts and  Transform Principles 
that  suggest  h4odels for Distributed Biological 
Information Processing and Control 

Visual Pathways and Perception Models 

Tuesday Morning 25 February 

The Possibil i ty of Field-Type Communication 
between Molecules 

Molecular Communication and Control 

Tuesday Afternoon 

New Computers and their Programming to 
Process Adequately Distributive Information 
and Control Data 

Wednesday Morning, 26 February: 

Synthesis: Theory we must create  and experiments 
we must do to make distributed information and 

Discussion Initiators 

J. Bigelow, H. El-Sum 

K. N.  Leibovic, 
W. A.  Rushton 

W. F.  Libby, M.  Klein 

F. 0. Schmitt 

J. Macy, J. Milsum, 
J. Bigelow 

control processes  understandable a.iid computable Schmitt 
..f 

.I - 



'The ctcvciopnient of dist ribiitive 
models o? biological function and the 
consideration of hierarchical control 
mechanisms were the themes at the 
fifth of a series of conferences on in- 
formation and control processes in liv- 
ing systems held in Pacific Palisades, 
California, 23-26 February 1969. The 
emphasis at this conference, as well as 
at other conferences in this series, was 
on creative discussion between members 
of different disciplinks aimed at the de- 
velopnient of significant new correla- 
tions or rccognition of profitable future 
iincs of inquiry in the area of infornia- 
tioii processing in the nervous system. 

*Z?ie conference began with a con- 
sideration by Otto W. Schniitt (Univcr- 
sity of Minnesota) of dispersive and 
interpenetrating domain models €or in- 
formation processing in the nervous 
system. We introduced the notion of a 
temporal-spatial representation as the 
dispersing variable in a distributed holo- 
graphic model of the iiervous system, a 
model which fits well with much of 
what is known about perception as well 
as the electrophysiology and neuro- 
anatomy of the nervous system. I<. 
Nicholas Leibovic (State University of 
New York, Buffalo) then cited the 
parallel development of progressively 
niore complex Sensory organs and brain 
structure as one nioves up the phylo- 
genetic tree. He suggested that the 
forces of evolution have produced a 
hierarchical control in complex nervous 
systems that permits subsystem auton- 
omy for performance of routine func- 

Husscin Ei-Sum (Ei-Sum C70nsul-' 
tarits, Athdrton, California) introduceti 
the discussidn on holographic conccpts 
and transform principles t hat suggest 
models for. distributed biological in- 
formation processing and control by 
presenting tlie conferees with a thor- 
ough exposition of the principics of 
holography. 

inforniation processing and the physical 
, phenome:lon of holograms may have in 

common were developed. For example, 
one atiractiy feature of the hologram 
is its capability for massivc storage of 
information. One can comfortably fit 
IO5 bits of information in onc plane 
and, considering all planes available in 
a film, call accommodate IO9, or even 
lo1:, bits of information. Man has long 
been amazed at the great amount of 
data that the human brain can store, 
correlate and retrieve; thus, the holo- 
gram provides us with an excellent ex- 
ample of such data optimization. 
Another feature of the brain ditlicult to 
explain is its ability to use many differ- 
ent points of entry for the retrieval of 
a specific item of information. The 

Some intcresting features that brain , 

'The csscntixl fcaturc here is the capa- 
bility of using an individual point as an 
active p3rt or carrier of many different 
information sets. One can change an 
object in an object beam and change 
tlie reference angle beam and so ob- 
tain niiiltiple information on the same 
plate using the same points. A final 
feature of analogy between the brain 
and holograms is the Markovian factor 
or the distributivity feature inherent in 
the mathematics of both phenomena. 

Objections were mised as to the 
efticacy of using the hologram as a 
model for the brain. One diffculty that 
arose was a comparison between the 
technical precision required in the 
construction and the retrieval of a 
hoiogpni and the limits of technical pre- 
cision that could be envisioned as oper- 
able within the constraint of brain struc- 
ture as it is known. A further question 
arose concerning how temporal order- 
ing could be accomplished in the brain 
using current knowledge of the function 
of neurons. An even more crucial diffi- 
culty in application of the hologram 
analogy is the requirement of fixed 
geometric positions in the hologram 

holograni can reprodlice an entire which has no counterpart in the fluid 
image by using just a piece of the ' milieu of the brain. 
original ilnage in the reference wa\re; Julian 1%. Bigelow (Institute for 
therefore, it too allqys output of an k h a ~ ~ c e d  Study, Princeton, New Jcr- 
cntirc information set using my point sey) then reviewed the Longuet-Miggins 
of entry. Still another point of analogy model, which is an extension of holog- 
pertains to the ability of the brain to raphy techniques from light to sound 
use both temporal and spatial referents ' (phonoholograms). The esssntial feature 

9 brought out in this discussion was that for retrieving information. A challenge 
' to the brain-hologram analogy was ' the exact geometry of the optical holo- -- 

t ions. brought forward in response to data cited 
The concept of hierarchical organiza- by one of the conferees on the strong 

tion again appeared in the discussion temporal relation observed in recovery 
by Albert G. Wilson (Douglas Ad- from memory loss by trauma, suggest- 
vanced Research Laboratories, Hunting- ing that nieniory scalinillg possibly has 
ton Beach, California) who presented a a temporal ordering. This was quickly 
paradigm for ordering cosmic bodies in resolved since the hologram likewise 
astronomy. He described three classes can be made usillg either a temporal or 
of hierarchical structures: (i) modular spatial reference. 
hierarchies wherein stable, semiauton- In order for the brain to store the 
onious modules aggregate into higher great amount of information that it 
eve1 modules which themselves serve does, it may be necessary for a single 
s submodules for siiperniodular sys- neuron to be a member of a number 

polyarchies. By plotting thG log mass of Given One neuron (A), it may 
:osmic bodies versus their mass density be active in a certain memoV Set (XI, 
(number of grams per centimeter), three Or as a circuit between 
natural, hierarchical levels are rcvealcd. nleniory 
He suggested the possible applicability POncnt Of .y melnory and 
of such models of hierarchical organiza- simultaneously. Likewise iir- the holo- 
tion found useful in astronomy to the grani any point On the film can be 
jtudy of control processes in living sys- active in containing the information 
kenis. Ernst 0. Attinger (University of for dinerent objects depeI1dillg uPo11: 
Virginia Hospital, Charlottesvillc) then (i) the storage of physical alterations at 

to support the exist- that point in the film induced by the 
ence of such a hierarchy of control in rcfcrence wave, and (ii) its response to 
the nlamrna~ian transport sys- a particiilar refsrencc wave in conjunc- 

tion with all the points surrounding it. teni. ._ 

(ii) control hierarchies; and (iii) of different specific inforriiation sets of 

and y, Or even as a 

gram, for instance, is not a fundanielital 
requirement, but rather that many 
methods for the storage and recovery 
of information about both amplitude 
and phase (or their counterparts) might 
serve in analogous situations. 

Willard F. Libby (University of Cali- 
fornia at Los Angeles) opened up the 
discussion on possible cell and niolecu- 
lar levels of interaction by examining 
the possibility of communication be- 
tween molecules, for example, between 
the subunits of hemoglobin. The level 
of understanding of hemoglobin struc- 
ture and the kinetics of association of 
the alpha and beta subunits into hemo- 
globin provided the opportunity for re- 
flections on how the heme groups 
"communicate" with each other, such 
that when one heme has acquired an 
oxygen, the other does not have to pay 
the same price in free energy for ac- 
quiring an oxygen as did the first. 
Possibilities suggested were that elec- 
tronic shift in the proteins attending 
thc heme d u e  to the first oxygen at- 
tachment lowcred the required associa- 
tion cncrgy for other hemes, or that the 
charged groups just outside of tlie heme 



(National k i t u t c s  of I-Icalth) pointed 
out that the many subunits of glutamic 
acid dchydrogeilase disassociate when 
steroid hormones are present, possibly 
because electronic shifts cause an 
entropy-based reconfiguration (steric 
shift). This association greatly airects 
the activity of the enzyme. He further 
pointed out that there are many such 
examples of “communication between 
molecules.” However, two basic ques- 
tioiis remained unresolved-if this kind 
of moIccular interaction should indeed 
be called “communication” at all, and 
how such interaction could be active 
in information storage and transfer in 
the nervous system. 

Melvin Klein (University of Cali- 
fornia, Berkeley) provided an added 
dimension to a possible molecular ex- 
planation of neuronal subsystem intcr- 
actions by examining the role of liquid 
crystals (mesophases) as possible ele- 
rnznts in molecular communication. The 
interchangeable smectic and nematic 
crystalline phases can order spontane- 
ously, orienting in electric and magnetic 
fields into specific three-dimensional 
configurations. These dynamic struc- 
tures then can be modulated chemically 
OG thermally, and respond to subse- 
quent mechanical stresses or electrical 
fields. It was pointed out that many 
biological molecules (DNA, RNA, and 
protein alphahelices) exhibit similar 
properties and that perhaps the brain 
might contain information in such 
dynamic geometrical structures which 
are continually being shifted and recor- 
related by neuronal inipulsCs. The ques- 
tion arose, however, how this informa- 
tion might be stored and accurately 
retrieved from what is known about 
brain tissue structure. 

Francis ‘ 0. Schmitt (Massachusetts 
Institute of Technology), in discussing 
the cell and molecular level of brain 
structure, noted that there exists muck 
intercellular space in brain tissue fillec 
with hyaluronic acid fibers, ions, anc 
proteins, all packed into approximatel) 
150-angstrom tubes. He speculated thal 
there might be some analogy betweer 
the behavior of these molecules con, 
fined in small spaces and paracrystallin6 
structures. These intercellular space: 
are continuous in the brain, and hydra 
tion of their hyaluronic acid, with thc 
association of water molecules, coulc 
effect ion movement by filling or order 
ing intercellular space. Another poten 
tial role that molcculcs might play ii 
iiiformation processing in the ncrvou 
system could be facilitated by thl 
differential niovement of nietabolitc 

trolled by clcctrical activity of neurons 
or feedback to the genome might pro- 
vide a molecular rationale for spccific 
neuronal interactions, and the establish- 
ment of dynamically interacting ncurai 
nets. The differential activity of niicro- 
tubules, coupled with what is known of 
differential RNA synthesis, vcsicle 
deposition at axon endings, and the 
principles of allostcric molecular rccog- 
nitio:i (ab-ag, enzyme-substratc inter- 
actions) all provide some circumstantial 
basis for the possibility of alteration of 
a huilding stone or structural tinit of 
synaptic menibrancs which could serve 
adequately as a “recognition factor” 
between neurons of the sanie sct. For 
example, the successful regeneration of 
the fibers from the optic tectum and 
their ptoper reconnection to the optic 
nerve would require such specifi 
recognition. 

Josiah Macy, Jr. (University o 
Alabama), in describing the component 
of a large hierarchical computing coni 
plex which serves a number of reseilrcl 
laboratories, emphasized the problcia o 
constructing indexing techniqqes to fin( 
stored information in computer nieniorl 
He drew an analogy fo human informa 
tion processing in the central nervou 
system and noted that present-day coiu 
putcr systems are not adequate to hand1 
the massive ainouiits of data that th 
human brain is capable of storing an 
retrieving. 

John H. Milsum (McGill Univcrsitg 
characterized thc ocularmotor contrc 
system as an’ open-loop system that ha 
been optimized by evolution, When a 
organism’s response to some aspect c 
its environment requires a consistent 
set of neural controls for survival, then 
the original open-loop neural pathway 
becomes a closed-loop, autonomous , 
operation. He cited what appears to be 
the accretion of longer, more complex 
control pathways in the nervous systeni 
through evolution, followed by a 
“streamlining” of these control modes 
by bypassing certain unused portions of 
the pathways. He then noted the in- 
teresting possibility that certain mental 
pathologies might be interpreted as a 
reopening of these discarded pathways 
which should be bypassed for normal, 
adaptive behavior. - 

Julian H. Bigelow (Institute for Ad- 
vanced Study, Princeton, New Jersey) 
drcw together much of what had been 
discussed ’by skctching the bcginnings 
of R model of neuronal bchaviar anal- 
ogous to the functional propertics of 
holograkhy. In his modcl the precise 
g5ometric constraints necessary for re- 

covery of information with holographic 
optics were rcplaccd by.the concci;t of 
distribiitcd storage of informaiitm in 
the nervous system, recoverable cn 
masse by sampling with “strohing” 
scans iising precise timing. This model 
provides a mechanism for erasure of 
information by inverse cancellation and 
incorporates the requircnicnt for a con- 
formal mapping of neuronal activity in 
the brain over convoluted rather than 
planar areas. 

The conference, chaired by Otto H. 
Schinitt (University of Minncsota), was 
organized under the auspices of the 
Interdisciplinary Communications Pro- 
gram, formcrly of the New York 
Academy of Sciences and now of the 
Smithsonian Institution (M. C. Shc!cs- 
nyak, dircctot; Frank Fremont-Smith, 
director emeritus) and was supported by 
funds made available by NASA. An 
edited transcript of the proceedings is 
scheduled for publication. 

LENARD R. TRONCALE 
Departinelit of Biology, 
Catholic Uriiversify, 
Washington, D .C. 

Divisioit of Research, 
Reiss-Davis Child Study Ceriter, 
Los Angeles, Calijornia 

I 

DIANE M. RAMSEY-KLEE 
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24 March 1969 

FIFTH CONFERENCE ON BIOLOGY OF HARD TISSUE 

March 9 - 12,  1969 
Santa Ynez Inn, Pacific Pal isades,  California 

Chairman: Doctor Marshall  R .  g r i s t  
Co-Chairman: Doctor William F Neuman 

ARMSTRONG, Wallace D . ,  Ph.D. 
Professor and Head 
Department of Biochernis try 
University of Minnesota Medical School 
Minneapolis,  Minnesota 55455 
(Fluoride Metabolism) 

BAUER, Ggran C .H. ,  M.D. 
Professor of Surgery (Orthopaedics) 
The Hospital  for Special  Surgery 
535 East 70th Street  
New York, New York 10021  

BERPARD, George W . ,  Ph.D. 
Assoc. Professor, Department of Oral Biology 

Lecturer, Dept. of Anatomy 

U. C .  L.A. Center for the Health Sciences 
Los Angeles , California 9 0024 

School of Dentistry 

School of Medicine,  U. C. L.A. 

(Electron Microscopy) 

BOWNESS, J .M.,  Ph.D. 
As socia te Profe s sor 
Department of Biochemistry 
University of Manitoba 
Winnipeg 3 , Manitoba 
CANADA 
(Mucopolysaccharide Metabolism) 

BUDY, Ann M . ,  Ph.D. 
Associate Professor (Dept. of Medicine) 
University of Hawaii, School of Medicine 
2260 Liliha Street  
Honolulu, Hawaii 9 68 17 
(Histophysiology & Cytogenetics of Bone) 

COPP, U. Harold, M .  D. 
Professor and Head 
Department of Physiology 
University of British Columbia 
Vancouver, B C . 
CANADA 
(Calcitonin & Calcium Regulation) 

CRUESS , Richard L. , M . D. 
Royal Victoria Hospital 
Montreal 2 ,  Quebec 
-CANADA 

(Orthopaedic Surgery and Biochemistry) 

DOTY, Stephen B . ,  Ph.D. 
Assis tant  Professor, Orthopaedic Surgery 
The Johns Hopkins Hospital  
Baltimore, Maryland 2 1 2  05 
. (Electron Microscopy) 

FIRSCHEIr, Hilliard E ,  , Ph. D. 
Bone Research Laboratory A329 
Rehabilitation Center 
'1000 Veteran Avenue 
Los Angeles, California 9 0024 
(Collagen & Mineral Dynamics) 

FRAME, Boy, M.D. 
Physician-in-Charge 
Fifth Medical Division 
Henry Ford Hospital  
2799 West  Grand Boulevard 
Detroit, Michigan 48202 
(Metabolism of Bone Disease)  
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24 111.1969 
FIFTH CONFERENCE ON BIOLOGY OF HARD TISSUE 

- continued - 

FREMONT-SMITH, Frank, M. D. 
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W. F. Neuman - Discussion Initiator 

Tuesday, 11 March 9 :OO a . m .  Calcification and Ossification 
- continued 

1 2 : O O  noon Luncheon 
2:OO p.m. Osteonecrosis 

. G .  C.H.Bauer - Discussion Initiator 
J I 

Wednesday, 1 2  March 8:30 a.m." Additional- Topics and Prospectus 
M.R.Urist - Discussion Initiator 

1:30 p.m. Luncheon 

Coffee, tea, and cola will be served at convenient breaks (about 
10:30 a . m .  and 3:30 p.m.) i n  the morning and afternoon ses s ions .  
s e s s ions  a re  planned for Monday or Tuesday evenings.  , 

N o  formal 



Reprinted from 
24 January 1969, volume 163, pages 408-409 

Interdisciplinary Communications: Population 

One might call it a midterm re- 
appraisal. It is 20 years since the popu- 
lation problem demanded action pro- 
grams and the prospect of 7 billion 
people by A.D. 2000 remains inescap- 
ably with us. To evaluate what has been 
achieved and what the prospects may 
be, the Interdisciplinary Communica- 
tions Program of the New York Acad- 
emy of Sciences and the Smithsonian 
Institution brought together representa- 
tives of demography, anthropology, 
economics, biomedicine, the law, busi- 
ness management, international rela- 
tions, ecology, sociology, and program- 
mers. The time-scale was the next 20 
to 25 years. 

T. W. Schultz (University of Chi- 
cago) professed his belief that in the 
next 20 to 25 years the world could 
feed the multiplying population. If the 
governments of the developing coun- 
tries would modernize, which means 
abandoning a cheap food policy, they 
could maintain a dynamic economy 
and be able to take advantage of the 
modern advances in high-yielding crops. 
He admitted that it would not eliminate 
hunger nor produce the balanced diets 
which the nutritionists would want. It 
would mean a shift in the areas of food 
production. For example, in India the 
advantages of high yields would mean 
a shift to the Ganges Plains and the 
major rice bowls of the southern parts, 
at the expense of the large triangle of 
central India. Scores of millions of 
people who are dependent on agricul- 
ture reside in this large area of the 
Deccan, but the new superior varieties 
of rice, wheat, corn, millet, and others 
that are responsive to fertilizer are de- 
cisively less productive in this triangle 
because of lack of rainfall and water 
for irrigation. It would mean migration 
from this area to provide labor supply 
for the others. It was inescapably true 
that the modernization of agriculture 
could not be administered in such a 
way as to encourage the production of 
the optimum requirements of nutritious 
food. But it did reduce the requirements 

of land so that acreages would not be 
the limiting factor. High yields meant 
not only the intensive use of fertilizer 
but of pesticides. A danger lay in the 
vulnerability of the new strains to 
blight. 

J. L. Fisher (Resources for the Fu- 
ture) similarly claimed that minerals, 
water, and fuel would not be a limiting 
factor in the next 20 to 25 years. Petro- 
leum would continue to be the major 
source of power. Even if wells should 
show signs of depletion, there were 
vast reserves in the oil shales. New 
fields were being proved like that in 
Northern Alaska which, with pipelines, 
could supply up to 20 percent of the 
present consumption in the United 
States. The world outlook was hopeful. 
He did not see anything which could 
prevent a fivefold increase in energy 
supply. Nor were there any predictable 
shortages or cost increases in iron sup- 
plies. Copper, lead, and zinc were more 
problematical-but there were ccouts” 
there by tricks of substitution. Water 
could be much more efficiently used. 
Only 5 percent was required for do- 
mestic use. The big losses were in mis- 
managed irrigation. In industry there 
would be much more recycling. The 
compelling reasons for population con- 
trol were not the running out of re- 
sources. He was concerned about the 
social and biological effects of crowding 
and environmental damage. 

K. Davis (University of California) 
reported preliminary findings in a world 
survey of urbanization. Already 38 per- 
cent of the world’s population were 
living in urban places, of whom 22% 
percent were in cities of 100,000 or 
over. By coincidence, this was the pro- 
portion in the United States in 1900. 

The rate of change was remarkable. 
Ten percent of the world’s population 
were already living in million-plus cities. 
In 1950, 161 million were so living and 
today the figure is 375 million. On pres- 
ent trends the whole population of the 
world would be living in cities of a 
million and over within 76 years- 

15,000,000,000-and there would be 
cities of 1.3 billion population. He 
stressed the absurdity of the figures. 

One of his most telling points about 
the trends in urbanization in developing 
countries was the difference between 
the historic process in the United States 
and what was happening elsewhere to- 
day. The growth of American cities was 
produced by migration from rural areas. 
The growth in the cities in developing 
countries was mainly due to urban 
fertility and not to intake. The cities 
themselves were providing the new in- 
dustrial labor. At the same time, the 
rural population was growing rapidly 
without being able to find work by 
migration to the cities. This meant that, 
unlike the pattern in the United States 
where the movement of rural popula- 
tion to become the industrial workers of 
the cities had compelled technological 
advance on the farms, the moderniza- 
tion of agriculture in the developing 
countries would be impeded. He fore- 
saw great political dangers in the growth 
of the cities. Hunger and misery was 
obscured in the countryside. In the 
cities, they provided a common front. 
In the United States, urban unrest was 
traceable to the rapid growth of the 
cities where the planners were trying to 
solve the problems created by the solv- 
ing of problems 6 years before. 

R. Freedman (University of Michi- 
gan) reported on the evaluation of 
family planning programs in Asia. Not 
enough time had yet elapsed to judge 
success or failure. Although many gov- 
ernments had accepted the need for 
family planning 10 or 15 years ago, ef- 
fectively the programs had been operat- 
ing for much shorter times-in India, 
for only 3 years. He cited “good pro- 
grams” in Taiwan, Korea, Hong Kong, 
Singapore, and Malaysia. There the 
birthrates were falling. In Taiwan, the 
birthrate was down from 40 in 1962 to 
below 25. In Singapore where, unique- 
ly the program is based on The Pill 
and where 85 percent of the babies 
are born in one maternity hospital, the 
birthrate had dropped to 24. In Korea 
the birthrate was falling. It could be 



ascribed to uterine devices, vasectomy, 
and illegal abortion. 

S. J. Segal (Eliomedical Division of 
the Population Council) reported on 
birth control methods at present in use 
or on clinical test. He estimated that 
between 12 to 15 hillion women in the 
world were using the pill and about 5 
to 7 million were using intrauterine de- 
vices. There were still clinical reserva- 
tions about oral contraceptives. There 
was concern about prediabetic symp- 
toms in over one-third of the women. 
The effect of the steroids on the liver 
function could be serious when the 
nutritional level was low and where 
there was parasitic infestation. It was 
difficult to promote oral contraception 
mass campaigns in developing countries 
when the pill was still subject to med- 
ical prescription in the advanced coun- 
tries. 

M. C. Shelesnyak (Interdisciplinary 
Communications Program) called for 
more enterprise both in research and ap- 
plication. In no other field of pharma- 
cology were the safety demands so ex- 
acting and indeed unreasonable-com- 
plete reliability of the method and no 
side-effects being expected. The popu- 
lation problem was so serious that some 
degree of calculated risk must be taken. 

The discussions ranged over the ef- 
fects of the rate of population increase 
not only on amenities but on the en- 
vironmental necessities for survival, 
over the possible role of legislation in 
imposing either incentives or sanc- 
tions, and on communications. Here it 
was stressed that the levels of c o n  
munication and persuasion from the 

educated elite to the person-to-person 
conversion did not conform to any 
global blueprint, Far more had to be 
known about the grass-root responses 
or nonresponses, because in this espe- 
cially intimate question people were 
not going to be persuaded by either in- 
ternational or national imperatives. 

S. Zuckerman (Chief Scientific Ad- 
viser to the U.K. Government), a spe- 
cialist in reproduction physiology, 
pointed out that all the hormonal con- 
traceptives, in use or in cliiical evalu- 
ation, were based on physiological 
principles known in 1935. He urged 
that basic researches into human repro- 
duction should be better supported, 
not just likely winners. He also urged 
that far more should be found out 
about the historical patterns of popu- 
lation change-like investigating parish 
registers in Europe. In the demograph- 
ic field we needed far better informa- 
tion about birthrates and age distribu- 
tion, not only for whole countries but 
for Iocalities. 

While Sir Solly accepted the fact 
that acreages would not be the limita- 
tion of food production and that in 
absolute terms there would be no des- 
perate shortages of “hard resources” in 
the short term of 20 to 25 years, he 
foresaw grave complications in the so- 
cial patterns which were considerably 
being determined by decisions now be- 
ing taken. He cited the problems of 
the disposal of nuclear waste from in- 
stallations being projected now. He 
pointed out the risks involved in the 
modernization of agriculture. This had 
to be highly capitalized and mecha- 

nized, but by intensification and locali- 
zation crops became more vulnerable 
and liable to catastrophe. He stressed 
the point about reproduction in the 
cities now producing a labor force 
which would stifle migration from the 
countryside, while the high-yield areas 
would mean the virtual abandonment 
of the low-yield areas. 

He contended that we could not de- 
cide what another generation would re- 
gard or accept as a way of life. The 
tendency seemed to be toward hud- 
dling together, by choice, in cities. Our 
responsibility was to avoid squandering 
resources and fouling up the amenities 
that the next generation might want to 
use. He accepted the likelihood of a 
rise before A.D. 2800 in mean tern- 
perature through human activities, 
with consequent climatic effects, and he 
recognized the dangers of pollution. 
The whole story of mankind was the 
adaptation of the environment. Were 
we producing a nonadaptable environ- 
ment? 

Speaking as a scientist who was con- 
cerned with practical politics, he said 
that there were no shortcuts to the 
solution of the population problem. It 
began with individuals. The individual 
had to be convinced that there was a 
problem. Then it had to be made soci- 
etal, then political, then governmental, 
and then executive. Government action 
could only reinforce or facilitate initi- 
atives which had already been taken. 

LORD RITCHIE-CALDER 
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